CATECHOLAMINE RESPONSE TO ANGINA/Schwartz et al. SUMMARY We measured aortic and coronary sinus dopamine (DA), epinephrine (E), and norepinephrine (NE) in eight patients with cardiac ischemia (I) and eight control subjects (C). Samples were taken at rest (73 ± 3 beats/min in C and 68 ± 3 beats/min in I) and during coronary sinus pacing to peak rates (144 ± 4 beats/min in C and 136 ± 6 beats/min in I). Arterial NE was higher in the ischemic patients at rest (254 ± 25 pg/ml in C and 324 ± 21 in I; p < 0.05). There were no differences in arterial E and DA. Neither pacing nor angina affected peripheral catecholamine concentrations. Resting myocardial NE flux was similar for both groups. With pacing, coronary sinus flow and net myocardial NE release increased significantly in both groups. The maximum relative increase in net myocardial NE release was less in the ischemic patients than in the controls (575 ± 145% in C and 255 ± 40% in I; p < 0.05). Thus, angina induced by pacing does not augment peripheral sympathetic activity. Furthermore, pacing-induced angina appears to be associated with a decrease in cardiac sympathetic tone compared with that found in paced controls.
41. Barry WH,. Brooker SUMMARY We measured aortic and coronary sinus dopamine (DA), epinephrine (E), and norepinephrine (NE) in eight patients with cardiac ischemia (I) and eight control subjects (C). Samples were taken at rest (73 ± 3 beats/min in C and 68 ± 3 beats/min in I) and during coronary sinus pacing to peak rates (144 ± 4 beats/min in C and 136 ± 6 beats/min in I). Arterial NE was higher in the ischemic patients at rest (254 ± 25 pg/ml in C and 324 ± 21 in I; p < 0.05). There were no differences in arterial E and DA. Neither pacing nor angina affected peripheral catecholamine concentrations. Resting myocardial NE flux was similar for both groups. With pacing, coronary sinus flow and net myocardial NE release increased significantly in both groups. The maximum relative increase in net myocardial NE release was less in the ischemic patients than in the controls (575 ± 145% in C and 255 ± 40% in I; p < 0.05). Thus, angina induced by pacing does not augment peripheral sympathetic activity. Furthermore, pacing-induced angina appears to be associated with a decrease in cardiac sympathetic tone compared with that found in paced controls.
AN INCREASE IN sympathetic activity has been postulated to be a significant determinant for some of the pathophysiological events associated with angina pectoris. With a compromise in regional myocardial blood flow, an increase in circulating catecholamines, by increasing myocardial oxygen consumption, would be expected to have deleterious effects on the jeopar-dized myocardium. Though an increase in peripheral plasma catecholamine concentration has been welldocumented as a result of acute myocardial infarction,'-4 the plasma catecholamine response to angina is not clear.
The classic studies cited to support an association between an increase in circulating catecholamines and angina pectoris are those of Raab' and Gazes.6 These studies, performed a generation ago, used techniques to measure plasma catecholamines which are now known to be imprecise. Raab could not differentiate between "cortical sterols" and "adrenalin," and the resting levels of plasma catecholamines reported by Gazes were greater than those now known to be valid. These early investigators based their conclusions on an increase in plasma catecholamines during exercise in their patients with angina. Their results are in contrast to those of Battock,7 who used a trihydroxyindole fluorometric technique and reported that plasma norepinephrine levels in patients suffering from exercise-induced angina did not differ from those observed in control patients exercised to the same pressure-rate index. Also, the former investigators failed to observe an increase in plasma catecholamines during exercise in their control patients, while modern radiometric techniques support a direct relationship between the level of exercise and circulating catecholamine concentration.8 9 We have recently developed a precise, sensitive radiometric assay for the simultaneous measurement of norepinephrine, epinephrine and dopamine in small aliquots of plasma."0 This technique has permitted us to study both the myocardial and peripheral catecholamine response to the development of angina pectoris in man. Angina was induced by rapid right atrial (coronary sinus) pacing rather than by exercise to avoid obscuring any angina-induced catecholamine response that might be induced by exercise. CSF (1) CSF (2) CSF (3) CSF (4) CSF (5) CSF (6) right heart catheter, a Swan-Ganz thermodilution cardiac output catheter, was positioned in the main pulmonary artery.
Methods
The full protocol and sample code is illustratea in figure 1 . After an undisturbed 10-minute period, coronary sinus flow measurements and arterial and coronary sinus blood samples for catecholamines, lactate and oxygen content were obtained in duplicate. Arterial pressure and cardiac output were measured. Coronary sinus pacing was then started at 100 beats/ min and increased at 10 beats/min each minute to 120 beats/min. Data were collected at this heart rate, which took approximately 5 minutes. The pacing rate was then increased at 15 beats/min each minute to the fastest rate that atrioventricular conduction would permit or to a maximum heart rate of 150 beats/min. Pacing was maintained at this rate for 5 minutes for data collection. Pacing was then abruptly terminated and blood sampling repeated at 1 minute. If angina appeared during incremental pacing, data collection was immediately performed and pacing was then terminated without a further increase in pacing rate. An ECG lead V. was recorded before, during, and immediately after the termination of pacing. Fluoroscopy was performed intermittently during pacing to ensure that the position of the coronary sinus catheter remained constant.
Patient Groups
The control group included eight patients (seven males and one female; mean age 52.1 years, range 49-56 years). The patients had atypical chest pain, a negative exercise ECG, normal coronary arteriograms and a normal left ventricular angiogram. They also had no evidence of valvular or congenital heart disease. Patients who were hypertensive (blood pressure . 150/100 mm Hg) or who had previous heart surgery were excluded. They had a normal response to rapid atrial pacing -that is, no induced chest pain, ECG changes or myocardial lactate production. In three of these patients subsequent studies documented an esophageal etiology to their chest pain; the remaining five are undiagnosed.
The ischemic group consisted of eight patients (seven male and one female); mean age 57.1 years, range 42-68 years. These patients all had significant stenosis of the left anterior descending coronary artery (50% in one and 75-90% in the others); six of these eight patients also had significant right and/or circumflex disease. All experienced angina with pacing and had objective evidence of anterior left ventricular wall ischemia, either reversible horizontal ST-segment depression > 1 mm in V, (seven of eight patients) and/or lactate production (four of eight patients). In five patients, ischemia appeared at pacing rates between 120-135 and in three, at rates between 135-150. No patient had ECG evidence of prior anterior wall infarction.
Coronary sinus blood flow (CSBF) was measured by the thermodilution technique." Normal saline solution at room temperature was injected into the coronary sinus using a Harvard pump at a rate of 38.2 ml/min for 30-40 seconds. CSBF was calculated using the following formula:"
where FI is the volume of normal saline injected (ml/ min), TB, T, and TM are temperatures of blood, injectate and mixture of blood and injectate (°C) and 1.08 is a constant derived from the density and specific heat of the saline solution and blood."
The mean of the differences between the two resting measurements of CSBF in our patients was 3.6 ± 2.6%. Duplicate measurements for CSBF were obtained at peak pacing in 13 of 16 patients; the reproducibility of these results was 6.2 + 1.6%.
Biochemical Techniques
Plasma norepinephrine, epinephrine and dopamine were assayed radioenzymatically as described by Sole and Hussain."0 Catechol-O-Methyl transferase (COMT) preparations may vary with each new preparation of COMT enzyme stock; therefore, we found it necessary to determine the optimum amount of enzyme and the corresponding amount of benzyloxyamine to include in the incubation medium. Either too little or too much of the latter caused the dopamine counts to soar.
Lactate was determined in blood filtrates. '2 Data are given as mean ± SEM. The statistical significance of differences between groups was determined by t test.
Results
The values for the concentrations of arterial and coronary sinus norepinephrine, coronary sinus flow and net myocardial norepinephrine release for individual patients at rest and peak pacing (angina) are presented in table 1.
The grouped hemodynamic and metabolic data for the entire protocol are summarized in table 2. There were no differences in coronary sinus flow or myocardial oxygen consumption between the two groups. Systemic vascular resistance was greater and cardiac index less in the ischemic patients.
There were no differences in plasma dopamine and epinephrine either between the patient groups or between basal and pacing states in individual patients. The heart neither extracted nor produced either of these two catecholamines at rest or with pacing in any of the patients. Arterial norepinephrine concentrations were higher in the ischemic patients at all stages in the protocol; however, there was no change in arterial norepinephrine with pacing. Resting myocardial norepinephrine flux was similar for both groups of patients. With pacing, coronary sinus flow and the flux of norepinephrine across the myocardium increased significantly in both groups. A comparison of absolute values for net myocardial norepinephrine release between patients may be misleading for these data are directly related to the position of the coronary sinus catheter in each patient. A more valid comparison is the increase in norepinephrine flux during pacing (angina) relative to that at rest for each individual (table 1, fig. 2 ). The maximum increase in transmyocardial norepinephrine flux was significantly less in the ischemic patients compared with their controls. With the cessation of pacing, =1997t *Excludes three patients whose angina necessitated termination of pacing before the second set of angina samples could be collected.
tDiffers from control at P <0.05.
tDiffers from control at P <0.01.
§Differs from basal at P <0.05. ¶Differs from basal at P <0.001.
Abbreviations: DA = dopamine; E = epinephrine; NE = norepinephrine.
those with actual myocardial infarction. An absence of an increase in both plasma norepinephrine and heart rate during dental pain also has been described and is attributed to overriding parasympathetic influences.17 Pain did induce an increase in plasma epinephrine in this latter study. Both resting (and post-pacing) myocardial oxygen consumption and coronary sinus flow were similar in the two groups (table 2) , supporting a corresponding group similarity in coronary sinus catheter position and in the amount of myocardium sampled. This similarity allowed comparison of the absolute catecholamine flux across the heart in the two groups, in addition to an examination of the relative changes between resting and pacing states in each individual. We found no increase in net myocardial norepinephrine release that could be attributed to angina; indeed, in the ischemic patients a relative decrease compared with control patients paced to the same rate was noted ( fig. 2) . The concentration of norepinephrine either in peripheral or coronary sinus plasma appears to serve as a reasonable index of sympathetic tone. '8-20 However, before it can be concluded that pacing-induced angina may be associated with a relative decrease in cardiac sympathetic activity, other possible explanations for these findings should be considered.
The net overflow of norepinephrine into the circulation represents a balance between norepinephrine release and re-uptake or metabolism. We speculated that our observations could be due to an increase in norepinephrine re-uptake or metabolism rather than a decrease in release by the sympathetic nerve terminals of the heart. Inactivation of released norepinephrine in the heart occurs largely by re-uptake into the sympathetic nerve endings rather than metabolism.2'-22 The conditions thought to exist in the ischemic zone (a decrease in oxygen availability, pH and ATP and an increase in extracellular potassium) act to inhibit rather than enhance norepinephrine reuptake by the nerve endings.23 24 Furthermore, ischemic conditions would be unfavorable to monoamine oxidation.
We also considered the possibility that we failed to capture catecholamines produced in the ischemic area because of incorrect positioning of the coronary sinus catheter. However, we were careful to choose patients expected to manifest ischemia in a myocardial region which drained into the upper half of the coronary sinus. We had no difficulty in identifying alterations in lactate metabolism during angina, verifying our ability to obtain samples appropriate to the ischemic zones.
Finally, we considered a failure to capture a late washout of norepinephrine because of a reduced perfusion in the ischemic region. In five of eight ischemic patients, we obtained two pairs of plasma samples during pain; we also sampled all patients 1 minute post-pacing and post-pain to ensure capture of any washout. Figure 2 indicates that the second estimation of myocardial catecholamine flux at peak pacing rate showed no increase over the first in the control group; rather, the pattern suggests a fall. Similar results were obtained for the ischemic patients in whom two pairs of samples were collected during pain. Prolonged stimulation of cardiac sympathetic nerves in dogs also has been shown to result in an early peak followed by a reduction in norepinephrine overflow into the coronary venous effluent, suggesting a timedependent loss of releasable norepinephrine stores. 20 Thus, it appears that myocardial norepinephrine release in pacing-induced angina is not stimulated beyond that normally encountered during pacing; in some cases, relatively less augmented release may be observed. These results may reflect a permanent reduction of norepinephrine stores in ischemic myocardium in spite of our selection of patients with apparently normal function of the anterior left ventricular wall. It also appears reasonable to postulate an actual neural basis for our observations.
An increase in sympathetic nervous activity appears to accompany acute myocardial infarction in man.14 In these studies, however, the observations were made several hours after the insult, when secondary responses such as the baroreceptor reflex may have a dominant role. 25 The early stages of myocardial ischemia and infarction have been examined in a variety of animal models. These paradigms suggest that cardio-cardiac reflex alterations in autonomic nerve traffic play an important role in the pathophysiology of myocardial ischemia.25-31 Afferent signals appear to arise in mechano-and/or chemoreceptors in the affected myocardium and travel through vagal fibers and sympathetic afferents to the central nervous system. Some of these afferent signals may be inhibitory, resulting in a reduction in efferent cardiac sympathetic tone. 25 28 Perhaps a similar mechanism mediates the norepinephrine response to pacing-induced angina.
The interplay between efferent and afferent autonomic nerve traffic in the regulation of the cardiovascular system is complex. The level of cardiovascular efferent sympathetic tone during angina probably depends on associated circumstances. Stimulation of motor nerves, 32 33 or of the central nervous system34 modeling the neural events thought to be associated with exercise, has been shown to overcome the inhibition of cardiac sympathetic efferents mediated by other afferent pathways. Such factors may mask an attenuation of sympathetic tone by ischemia-induced cardio-cardiac reflexes when angina is induced by exercise. It is also possible that some cases of spontaneous angina35' 3 are precipitated by an increase in cardiac sympathetic tone.
In this study we have shown that angina induced by pacing does not augment peripheral sympathetic activity. Furthermore, pacing-induced angina may actually be associated with a decrease in cardiac sympathetic tone compared with that found in paced controls.
